In this study, monthly evaporative and convective heat losses and exergy flow that occur as a result of respiration were determined for human bodies in states of light and heavy activity levels, and comparisons of the results obtained were executed according to different meteorological conditions and regions. For this purpose, seven different climate zones (CZ-1, CZ-2, CZ-3, CZ-4, CZ-5, CZ-6 and CZ-7) were selected in Turkey. Meteorological parameters such as atmospheric temperature, atmospheric pressure and relative humidity were used for energy and exergy analyses. According to the obtained results, total heat loss and exergy flow through respiration of the human body demonstrated considerable variations seasonally depending on the climate zones. The highest heat loss and exergy flow values were determined in the region of continental climate (CZ-2), while the lowest heat loss and exergy flow values were obtained in the region of Mediterranean climate (CZ-5). For a human body engaging in light activity in a hot climate zone, the exhaled air temperature, specific humidity and relative humidity values were determined as 35.11 o C, 0.0333 kg H 2 O/kg dry air and 91.3%, respectively.
INTRODUCTION
The human body can produce heat within the range of 100 W and 1000 W, depending on the activity level of the body. The level of human body activity causes increment in the amount of body heat produced. However, whatever the variation in ambient conditions may be, it is essential that the body's vital functions be maintained so as to preserve the internal body temperature within a certain range. In extremely hot and extremely cold environments, the human body temperature range may vary slightly [1, 2] . The internal temperature of the human body under normal conditions should remain between 36. C can be fatal [3] .
The portion of the heat generated via metabolism, which cannot be converted into active use, must be released from the body into the surroundings. Basically, this heat transfer occurs in the form of convective and evaporative heat [4, 5] . Heat is transmitted from the interior of the body to the skin surface by conduction and convection, and from the skin into the surroundings by conduction, convection and radiation [6] . The evaporative heat transfer through the skin occurs by means of the sweat diffused from the skin as moisture, which evaporates from the skin surface. The rate of this evaporative heat transfer depends on water vapor pressure, temperature difference between skin surface and atmosphere, and air velocity [1] . The other form of evaporative heat transfer occurs through reduction of the internal temperature of the body by inhalation. Heat is first conveyed from the environment to the inner region of body by inhalation before being released to the environment from the interior of body as convective and evaporative heat [7, 8] . 90% of heat is released from the skin of the human body, while the remaining 10% is released via the respiratory system. Given the influence a decrease in evaporative heat loss through respiratory has on temperature gradients between the cranium and thorax, the hyperthermia-induced heat loss from the upper airways could have an impact on brain temperatures. For this reason, analysis of heat loss and exergy flow occurring through respiration of the human body is a vital concern in terms of thermal comfort and health [9] .
All of the organisms are generally influenced by the climatic factors. So, the human body tries to adjust itself to the environmental condition. In this regard, there is a need for the thermal comfort which establishes a connection between the external thermal stress and the human thermoregulation capacities such as heat loss and heat storage. Thermal comfort refers to the feeling of being neither too cold nor too warm when attired in clothing of appropriate thickness. In terms of securing comfort and productivity, thermal comfort is a key element. The human body experiences thermal comfort and feel better when the body's excess heat is transferred to the environment in an easy and permanently recurring manner. As the human body is very sensitive to the ambient temperature, body temperature must be preserved within a narrow temperature range in order to provide comfort; in other words, within a somewhat wider range of ambient temperatures, a person feels uncomfortable under thermal stress. So, defining this optimum thermal comfort as a standard condition for human living in buildings is very important [4] .
Exergy analysis based on first and second laws of thermodynamics describes a complete working process of system including destruction and entropy generation considering the reference temperature [4] . Human body exergy destruction can be utilized to define the state of human performance under different meteorological conditions [10] . In this study, the total (convective and evaporative) heat loss and exergy flow that occur by inhalation were calculated for individuals performing light and heavy activity levels in different meteorological conditions and regions. Additionally, this study investigated the effect that variations in the ambient temperature, relative and specific humidity and atmospheric pressure have on the total heat loss and exergy flow, and comparisons were made for the total (convective and evaporative) heat loss and exergy flow resulting from respiration in different seasons and regions. Variations in the amount of specific humidity and temperature of exhaled air converted from the interior of body by respiration were also examined. The results obtained from this present study may be used as a reference for a detailed study of climatization applications.
MATERIALS AND METHODS

Energy Balance Model of the Human Body
The heat transfer that takes place from the inner surface of the human body toward the skin surface is achieved through convection and conduction (blood flow from internal regions toward skin tissue), as shown in Figure 1 . This fluid movement (mass transfer) results in the droplets formation of sweat on the skin's surface; evaporation of the sweat fluid comes out heat transfer into the external environment [7] . The heat produced must be equal to the heat transferred to the environment to protect the body thermal balance. In the event that the body is exposed to a hot environment, the thermoregulation system serves to minimize the transfer of heat to the body [11] . Tissue temperatures are maintained at biologically safe levels to allow for optimal chemical reactions to occur. The thermoregulation system manages these levels by adjusting the heat transfer rates of conduction and convection between the skin surface and environment. Therefore, basal temperature distribution is regulated by rate of heat transferred from the tissue, heat rate conveyed via blood to the skin and heat transfer rate between the skin surface and environment [12] . In this way, the body's thermal balance is able to remain decidedly stable. If the heat generated as a result of metabolic reactions is not offsetted by the heat transferred from the skin surface to the environment, body temperature either increases or decreases. Steady-state energy balance and instant energy balance models are widespread utilized to examine convective heat transfer between human body and environment.
Steady-State Energy Balance Model
In the steady-state energy balance model presented by Fanger [15, 16] , when the body is in a state of heat balance, the energy storage in the body is considered to be negligible. Since the body and the skin are treated as a single component, the processes of shivering and blood flow control are not taken into consideration. Therefore, the body temperature under this model does not change over time. Rather, energy that is unable to be converted into active use by metabolism is transferred from the body by the skin surface and respiration in order to establish energy balance. This energy balance is expressed in the equation shown below [10, 13, 17] :
(1) The unit of W/m 2 is valid in all terms. M denotes the rate of metabolic energy production, W designates the rate of me-chanical work, Q sk is the total heat loss rate from the skin, Q res is the total heat loss rate through respiration, C is the convective heat loss rate from the skin, R is the radiative heat loss rate from the skin, E sk is the total evaporative heat loss rate from the skin, C res is the convective heat loss rate from respiration and E res is the evaporative heat loss rate resulted from respiration.
Heat Loss from the Body through Respiration
During inhalation, the air breathed into the body receives convective and evaporative heat as a result of convection and evaporation. A significant amount of heat transfer may occur during respiration, for air is inhaled within certain environmental conditions and expelled, at a temperature just below the internal body temperature, as saturated air. Convective and evaporative heat losses related with respiration are given by the following equations:
In these equations, m res (kg/s) denotes inhaled air flow rate, W ex (kg H 2 O/kg dry air) is the specific humidity of exhaled air, T ex In this relation, K res is a proportioning constant (2.58 kg.m 2 / MJ). Exhaled air is almost saturated and has a temperature close to body temperature. The empirical equation developed by Fanger (1982) [6] is used to identify the state of air under regular internal environmental conditions.
The specific humidity of ambient air, using the total pressure P t (kPa) and the water vapor pressure P a (kPa) of ambient air, can be written in the following form:
Exergy Flow through Respiration
Considering the physical exergy of humid air, the total exergy flow through the respiration can be defined by equation below [10] :
where C p,v is the specific heat capacity of water vapor (=1872.3 J/kg.K).
RESULTS AND DISCUSSION
Environmental factors, such as ambient temperature, relative humidity, specific humidity, wind speed and atmospheric pressure, are among the most important factors used for determining the thermal equilibrium of the human body. The individual envisioned for the study has a mass of 70 kg and a height of 1.73 m. The temperatures of individual's internal body and skin are kept at 36. . The seven geographic regions of Turkey, such as Samsun, Erzurum, Eskisehir, Sanlıurfa, Adana, Izmir and Tekirdag provinces, were selected for the purpose of using different climate conditions to analyze the heat transferred from the human body by means of respiration and are given in Figure 2 . These selected provinces reflect the average climatic conditions of each geographic area. Therefore, seven different climate zones (CZ-1, CZ-2, CZ-3, CZ-4, CZ-5, CZ-6 and CZ-7) in Turkey were selected. Table 1 gives the climate classes, climate zones and climate conditions of provinces. Meteorological parameters such as atmospheric temperature, relative humidity and atmospheric pressure in the selected climate zones were given in Tables 2-4. For metabolic heat energy production of an individual having the same physical properties, the values of energy production between the light activity level (1 Met=58.2 W/m 2 ) and the heavy activity level (4 Met=349.2 W/m 2 ) were used. Convective and evaporative heat losses that occur from the human body by inhalation were determined by taking the effect of environmental factors and physiological characteristics into account. The monthly variations of heat transfer and exergy flow occurring by respiration under different climate conditions for metabolic heat energy production of 1 Met are illustrated in Figure 3 . As seen, the highest value of heat transfer took place by respiration in the CZ-2 (Erzurum province), while the lowest heat transfer took place in the CZ-5 (Adana province). The reason for this is that the ambient temperature and specific humidity of the CZ-2 are lower than those found in the CZ-5. As expected for all zones, heat transfer via respiration decreased in the summer months and increased in winter months. As clearly shown that the highest exergy flows through respiration were observed in January, as the ambient temperature during this month was also lower than the ambient temperatures during the other months. The lowest exergy flows were found to occur in the month of The monthly variation in the exhaled air temperature released for metabolic heat energy production of 1 Met in different climate zones is shown in Figure 4 . The monthly variation in specific exhaled air humidity in different climatic zones for metabolic heat energy production of 1 Met is presented in Figure 5 . As seen from the figure, the specific exhaled air humidity was higher in the summer months than in the other months, particularly in the CZ-5, where the humidity values were remarkably higher than those seen in the other climate zones, due to the hot and humid weather conditions present there. Furthermore, the exhaled air in the CZ-5 was almost saturated. For example, according to the calculation of metabolic heat energy production for 1 Met in the CZ-5, the exhaled air temperature and specific humidity in August were 35.11 o C and 0.0333 kg H 2 O/kg dry air, respectively. The relative humidity of exhaled air was 91.3%, with near saturation at 101 kPa atmospheric pressure. The variations in heat loss and exergy flow via respiration according to different activity levels of an individual's body are presented in Figure 6 . In this figure, when the activity Figures 7 and 8 show the heat loss and exergy flow rates of respiration, according to ambient temperature and specific humidity in the different climate zones, for metabolic heat energy production of 1 Met. As seen from these figures, the heat loss and exergy flow rates of respiration are inversely proportional with ambient temperature and specific humidity. In other words, the heat loss and exergy flow rates of respiration decrease when ambient temperature and specific humidity increase. 
CONCLUSIONS
In this study, monthly total heat loss (evaporative and convective heat losses) and exergy flow that occur as a result of respiration are determined for human bodies in states of light and heavy activity levels. Heat loss and exergy flow occurring through the respiration of human body are a vital concern in terms of thermal comfort and health. According to the obtained results, total heat loss and exergy flow through the respiration of human body are significantly affected by seasonal and environmental changes. During inhalation, the evaporative heat loss is greater than the convective heat loss through respiration. An increase of ambient temperature results in a reduction of convective heat loss through respiration. When specific humidity of ambient air decreases, the evaporative heat loss through respiration increases. A human body engaging in the winter season transfers more heat to the environment by inhalation in comparison to other months. Total heat transfer via respiration, with metabolic heat energy production of 1 Met and 6 Met, are calculated as 8.88 W/m 2 and 53.26 W/m 2 , respectively, for cold weather conditions. For a human body engaging in light activity in a hot climate zone, the exhaled air temperature and specific and relative humidity are determined as 35.11 o C, 0.0333 kg H 2 O/kg dry air and 91.3%, respectively. In this climatic zone, exhaled air is almost saturated. The heat loss and exergy flow rates of respiration are inversely proportional with ambient temperature and specific humidity. The highest heat loss and exergy flow values are in the region of continental climate, while the lowest exergy flow values are in the region of Mediterranean climate. The results obtained from this present study may be used as a reference for a detailed study of air-conditioning applications.
